The objective of this paper is to develop the 
STATEMENT OF THE PROBLEM
Consider a fibre-reinforced laminated composite beam containing distributed piezoelectric ceramics as actuators that can be bonded on the surfaces or embedded inside structures. The ply orientation, θ, and thickness, h of the laminate can be arbitrary. The goal of this paper is to determine the mechanical response of the structure for a given mechanical loading condition or electrical potential on the actuators.
TRANSVERSE VIBRATION OF LAMINATE BEAM
In the first order shear deformation laminate plate theory (FSDT), the Kirchhoff hypothesis is relaxed by removing the third part, i.e., the transverse normal does not remain perpendicular to the midsurface after deformation. This amounts to including transverse shear strains in the theory. The inextensibility of transverse normal requires that the transverse displacement w not be a function of the thickness coordinate, z.
Following the beam theory of Timoshenko, the displacement field of the beam can be defined as:
The linear constitutive relations for the k' orthotopic lamina in the principal material coordinates of a lamina are 111·.
where is the plane stress-reduced stiffness, and σ, and ε, are the stress and strain field components respectively.
In non-principal coordinates (generally orthotropic lamina), the stress-strain relationship is: 
where
,022 and σ χ is the axial stress in the x-direction; τ χ: the shear stress in the x-z direction; E, the modulus of elasticity;
v,y the Poisson ratio; G v (i,j = 1, 2, 3) the shear modulus, and the subscript k denotes quantities belonging to the k lh layer.
The constitutive relations for the i' h actuator can be written as:
where E p , G n and v p are the modulus of elasticity, shear modulus, and Poisson ratio of the actuator, respectively; e 3 i is the piezoelectric z-x stress coefficient of the actuator; Ε the electric field intensity in the ζ direction in the actuator, and the subscript ρ indicates the piezoelectric.
The stress resultant-displacement relationships for the laminate beam can be obtained by integrating the stresses through the cross-sectional area of the beam. For uniform loads, the deflection is:
where L is the length of beam.
MODAL ANALYSIS
For modal analyses, we assume that the applied axial force and transverse load are zero and that the motion is periodic. For a periodic motion, we assume a solution in the form
The general solution of equation (19) 
where ω is the natural frequency of vibration, and
Equations (15) 
Assumed-Modes Method
To derive the equations of motion of the laminate beam based on the Rayleigh-Ritz method, both the strain energy, U and the kinetic energy, Τ of the beam, and the piezoelectric element must be determined. The strain and kinetic energy result from the deformation produced by the applied strain, which is induced by exciting the piezoelectric element. 
Finite Element Method
The natural frequencies were also obtained by using the finite element software package, ANSYS. The piezoelectric actuator patches were modeled using solid5 piezoelectric elements, and the laminate beam, using shell99 structural elements. Table 1 . The staking sequence Tables 2 and 3 show that the assumedmodes method could accurately predict the natural frequencies of an integrated piezo-actuator system.
Figures 9 and 10 show the first mode shape and the second mode shape of laminate beams using the finite element method. 
